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(54) System and method of manufacturing semicustom integrated circuits using reticle 
primitives and interconnect reticles 



(57) A system for, and method of, manufacturing an 
integrated circuit (IC) and an IC manufactured by the 
method. In one embodiment, the system includes: (1 ) a 
library of reticle primitives, at least two of the reticle prim- 
itives containing patterns corresponding to circuit mod- 
ules to be contained in the IC, (2) an interconnect reticle 



containing patterns corresponding to interconnecting 
conductors for electrically coupling the circuit modules 
and (3) lithographic equipment that employs the at least 
two of the recticle primitives and the interconnect reticle 
to create a lithograph of the circuit modules and the in- 
terconnecting conductors. 
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Description 

Technical Field of the Invention 

[0001] The present invention is directed, in general, 
to semiconductor fabrication and, more specifically, to a 
system and method of manufacturing semicustom inte- 
grated circuits (ICs) by employing selected ones from a 
library of reticle primitives and custom-made intercon- 
nect reticles. 

Background of the Invention 

[0002] Integrated circuits generally contain millions of 
individual electronic devices, each typically the size of 
a few micrometers, and interconnections thereamong. 
As a result, no "physical* tool is adequate for fabricating 
the complex patterns representing the devices and in- 
terconnections on a semiconductor substrate. Instead, 
microelectronic patterning is conventionally performed 
by radiation, e.g., light, x-rays or electron beams. The 
process of using an optical image and a photosensitive 
film to produce a pattern on a semiconductor substrate 
is known as "photolithography." 
[0003] In photolithography, a film of a photoresist 
(photosensitive film) is first applied to the substrate. Ra- 
diation is then projected through a transparent plate, or 
"mask," on which has been created a desired pattern in 
an opaque material. The resulting image is focused on 
the photoresist-coated substrate, yielding areas of light 
and shadow on the substrate that correspond to the im- 
age on the mask plate. Following development and 
etching processes, where portions of the resist and sub- 
strate are removed, a pattern corresponding to that on 
the mask is etched in the substrate film. 
[0004] During the infancy of microelectronics, the 
master image (pattern) was photographically reduced 
from a macroscopic original. The desired pattern was 
cut by hand into a colored plastic sheet and the image 
reduced to the desired size using room-sized reduction 
cameras. This method has been replaced by a pattern 
generator, an apparatus that accepts a computer-gen- 
erated description of the device and analyzes it into in- 
dividual picture frames. The pattern generator then 
scans a mask plate, "writing" the pattern on the mask 
plate using, for example, a high intensity electron beam, 
to expose each device or interconnect in the pattern. 
[0005] Semiconductor devices may typically be made 
up of as many as fifty individual layers of silicon, poly- 
silicon, silicon dioxide, metal and silicides. The pattern 
for each layer is contained on a mask called a reticle. 
Reticles are generally between one and ten times the 
actual size of the pattern they produce. The group of 
reticles that corresponds to all the layers of an integrated 
circuit (IC) is called a device series. 
[0006] The pattern generation process, requiring 
point-to-point creation of a complex pattern on a semi- 
conductor wafer, is generally a slow process. Usually 



only one of the multiple devices images to be printed on 
a semiconductor substrate is pattern-generated. The 
single device pattern, or reticle, is then replicated re- 
peatedly using a step-and-repeat camera (commonly 

5 known as a stepper) to form the array of devices and 
interconnects that cover the semiconductor substrate. 
The reticle may also consist of an array of several pat- 
terns and is distinguished from a mask that contains pat- 
terns that can be transferred to an entire semiconductor 

10 wafer (or to another mask) in one exposure. 

[0007] Not only is the production of a reticle a slow 
process, it is also an expensive process. Multiplying the 
cost of a single reticle by the number of reticles in a de- 
vice series illustrates the cost of producing a single new 

is ic. The reticles' cost is a significant component of the 
overall cost in the design and development of a new, or 
custom, semiconductor device. During the design and 
development of a semiconductor device, changes in the 
design, due to changes in the design specifications or 

20 unexpected results during testing, are often encoun- 
tered. The changes in the design will necessitate new 
reticles to implement the changed design. This not only 
increases the cost of the development of the semicon- 
ductor device, but also delays the verification and pro- 

25 duction phases of the semiconductor device. 

[0008] Accordingly, what is needed in the art is an im- 
proved method to manufacture an IC that overcomes 
the above-described limitations. 

30 Summary of the invention 

[0009] To address the above-discussed deficiencies 
of the prior art, the present invention provides a system 
for, and method of, manufacturing an IC and an IC man- 
35 ufactured by the method. In one embodiment, the sys- 
tem includes: (1) a library of reticle primitives, at least 
two of the reticle primitives containing patterns corre- 
sponding to circuit modules to be contained in the IC, 
(2) an interconnect reticle containing patterns corre- 
40 spending to interconnecting conductors for electrically 
coupling the circuit modules and (3) lithographic equip- 
ment that employs the at least two of the reticle primi- 
tives and the interconnect reticle to create a lithograph 
of the circuit modules and the interconnecting conduc- 
es tors. 

[001 0] The present invention therefore introduces the 
broad concept of building a library of preexisting reticles 
that correspond to often-used circuit modules and gen- 
erating a semicustom ICs by lithographing some of the 

so circuit modules in one step and lithographing intercon- 
nections between the circuit modules in a separate step. 
For purposes of the present invention, "reticle primitive" 
is defined as a set of reticles used for the process levels 
in the formation of a circuit module. "Circuit module" is, 

55 in turn, defined as a piece of circuitry that can be em- 
ployed as a building block to construct a larger circuit. 
For instance, a semicustom IC suitable for telecommu- 
nications may employ such circuit modules as digital-to- 
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analog (D/A) and analog-to-digital (A/D) converter cir- 
cuitry, filters, a processor and associated memory 
banks. Reticle primitives corresponding to each of these 
circuit modules may be lithographed and interconnected 
in separate steps (and the steps performed in either or- 
der). 

[0011] In one embodiment of the present invention, 
the at least two of the reticle primitives are free of pat- 
terns corresponding to bond pads for the circuit mod- 
ules. Because the circuit modules on the IC may be in- 
terconnected by traces on the IC itself, conventional 
bond pads are rendered unnecessary. Instead, far 
smaller interconnection points may be provided on the 
reticle primitives. 

[0012] In one embodiment of the present invention, 
the at least two of the reticle primitives are free of pat- 
terns corresponding to protected drive transistors for the 
circuit modules. Likewise, because of the proximity of 
the circuit modules to one another in the single IC, con- 
ventional protected drive transistors are no longer need- 
ed. In some cases, direct interconnections may be made 
without any additional drive transistors whatsoever. 
[0013] In one embodiment of the present invention, 
the circuit modules are selected from the group consist- 
ing of: (1 ) static random access memory (SRAM) mod- 
ules, (2) electrically eraseable programmable read-only 
memory (EEPROM) modules, (3) field-programmable 
gate array (FPGA) modules, (4) programmable logic ar- 
ray (PLA) modules, (5) D/A converter modules, (6) A/D 
converter modules, (7) digital signal processor (DSP) 
modules, (8) microprocessor modules, (9) microcontrol- 
ler modules, (1 0) linear amplifier modules and (1 1 ) filter 
modules. Those skilled in the art will recognize, howev- 
er, that many circuits can be constructed of well-known 
circuit modules. The present invention extends to all 
conventional and later-discovered circuit modules. 
[0014] In one embodiment of the present invention, 
the lithographic equipment subjects each of the at least 
two of the reticle primitives to multiple exposures. Thus, 
the reticle primitives may be projected onto different lo- 
cations on a given wafer to fabricate a plurality of ICs 
on the wafer. 

[0015] In one embodiment of the present invention, 
the lithographic equipment first employs the at least two 
of the reticle primitives to create a lithograph containing 
the circuit modules and subsequently employs the inter- 
connect reticle to add the interconnecting conductors to 
the lithograph. Of course, these operations can be car- 
ried out in reverse order or concurrently. 
[0016] In one embodiment of the present invention, 
the lithographic equipment comprises a reticle exchang- 
er that allows the at least two of the reticle primitives and 
the interconnect reticle to be sequentially exchanged. 
This allows automatic substitution of reticle primitives 
without requiring human intervention. Of course, the 
present invention is not restricted to automatic substitu- 
tion. 

[0017] The foregoing has outlined, rather broadly, 



preferred and alternative features of the present inven- 
tion so that those skilled in the art may better understand 
the detailed description of the invention that follows. Ad- 
ditional features of the invention will be described here- 
s inafter that form the subject of the claims of the inven- 
tion. Those skilled in the art should appreciate that they 
can readily use the disclosed conception and specific 
embodiment as a basis for designing or modifying other 
structures for carrying out the same purposes of the 
present invention. Those skilled in the art should also 
realize that such equivalent constructions do not depart 
from the spirit and scope of the invention in its broadest 
form. 

Brief Description of the Drawings 

[0018] For a more complete understanding of the 
present invention, reference is now made to the follow- 
ing descriptions taken in conjunction with the accompa- 
nying drawings, in which: 

FIGURE 1 illustrates a block diagram of an exem- 
plary semiconductor pattern preparation process; 
FIGURE 2 illustrates a cross-sectional view of an 
exemplary reticle assembly; 
FIGURE 3 illustrates a "high-level" overview of an 
embodiment of a microboard process. 
FIGURE 4 illustrates a block diagram of an embod- 
iment of a microboarding methodology using the 
principles of the present invention; 
FIGURE 5 A illustrates an embodiment of an exem- 
plary section of a semiconductor wafer with a bond 
pad frame; 

FIGURE 5B illustrates a semiconductor wafer with 
a first circuit module; 

FIGURE 5C illustrates a semiconductor wafer with 
first and second circuit modules; . 
FIGURE 5D illustrates an embodiment of an I C con- 
structed using principles of the present invention; 
FIGURE 6 illustrates a flowchart of an embodiment 
of an IC manufacturing process using principles of 
the present invention; 

FIGURE 7A illustrates a cross-sectional view of an 
exemplary isolation layer of a semiconductor wafer; 
FIGURE 7B illustrates a cross-sectional view of an 
exemplary gate layer of the semiconductor of FIG- 
URE 7A; 

FIGURE 7C illustrates a cross-sectional view of the 
semiconductor of FIGURE 7 A with a plurality of con- 
tact openings; and 

FIGURE 7D illustrates a cross-sectional view of the 
semiconductor of FIGURE 7 A that includes a first 
interconnect layer. 

Detailed Description 

[0019] Referring initially to FIGURE 1, illustrated is a 
block diagram of an exemplary semiconductor pattern 
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preparation process 100. The process 100 includes a 
computer-generated description 110, such as a design 
tape or graphic computer-aided-design (CAD) data, of 
circuit patterns, that is converted to a machine lan- 
guage. The description 110 is provided to an exposure 
"write" system or pattern generator 120, such as a laser 
pattern generator or an e-beam pattern generator, that 
scans a plate 1 30, writing the pattern on the plate using 
a directed beam of light or electron beam to expose each 
element in the pattern. Generally, apertures in the pat- 
tern generator 120 are varied to produce rectangles of 
various sizes that are used to create the overall pattern. 
[0020] The pattern generation process, requiring 
point-to-point creation of a complex pattern is generally 
a slow process. Generally, only one of the multiple de- 
vices images to be printed on a semiconductor substrate 
is pattern-generated. The single device pattern, or reti- 
cle, is then replicated repeatedly to form the array of de- 
vices that cover the semiconductor substrate. It should 
be noted that a reticle may also consist of an array of 
several patterns and is distinguished from a mask that 
contains patterns that can be transferred to an entire 
semiconductor wafer (or another mask) in one expo- 
sure. 

[0021] Turning now to FIGURE 2, illustrated is a 
cross-sectional view of an exemplary reticle 200 assem- 
bly. The reticle assembly 200 includes a substrate 210, 
typically composed of an optically clear quartz material, 
upon which a metal, such as chromium, pattern (gener- 
ally designated 220) is formed using the processes dis- 
cussed previously. The substrate 210 and the pattern 
combine to form a reticle. A pellicle 230, composed of 
a material such as plastic, is mounted generally a short 
distance away from the surface of the reticle to keep the 
reticle's surface clean. The pellicle 230 insures that any 
microscopic dust that settles on the reticle will be out of 
focus during exposure and does not create defects on 
the semiconductor wafer. 

[0022] The present invention recognizes that chang- 
es in the design of a semiconductor device, e.g., chang- 
es in the design specifications or unexpected results 
during testing, often necessitate new reticles and may 
significantly increase the cost and delay production of 
the new device. The present invention introduces the 
concept of building a library of preexisting reticles that 
correspond to often-used circuit modules and generat- 
ing semicustom ICs by lithographing some of the circuit 
modules in one step and lithographing interconnections 
between the circuit modules in a separate step ("micro- 
boarding"). The use of existing reticles of proven circuit 
modules to form basic "building blocks" avoids the cost 
of new reticles and tends to shorten the development 
cycle. 

[0023] Before describing the present invention in de- 
tail, an overview of the methodology of the present in- 
vention will be presented. A "high-level" overview of an 
embodiment of a microboard process 300 is illustrated 
in FIGURE 3. The microboard process 300 overview 



highlights the different process sequences involved, be- 
ginning with level 1 (isolation layer) through level n (via 
formation) and level n+1 (metallization). 
[0024] Turning nowto FIGURE 4, illustrated is a block 

s diagram of an embodiment of a microboarding method- 
ology 400 using the principles of the present invention. 
In the illustrated embodiment, a library 410, containing 
reticle primitives of standard functional circuit modules, 
such as static random access memories (SRAMs), is 

10 shown coupled to a lithographic equipment 430. Those 
skilled in the art should readily appreciate that the library 
410 may also contain, in advantageous embodiments, 
reticle primitives of standard electrically erasable pro- 
grammable read-only memory (EE PROM) modules, 

15 field-programmable gate array (FPGA) modules, pro- 
grammable logic array (PLA) modules, digital-to-analog 
(D/A) converter modules, analog-to-digital (A/D) con- 
verter modules, digital signal processor (DSP) modules, 
microprocessor modules, microcontroller modules, lin- 

20 ear amplifier modules and filter modules. An intercon- 
nect reticle 420 is also shown coupled to the lithographic 
equipment 430. 

[0025] In an advantageous embodiment, the reticle li- 
brary of standard functional modules of varying sizes 

25 and capabilities, e.g., 2kbytes, 4kbytes, 8-bits or 1 6-bits, 
are designed with layouts that are free of patterns cor- 
responding to standard bond pads and protected drive 
resistors, thereby saving wafer area. Instead, the stand- 
ard functional modules are provided with smaller vias 

30 (e.g., on the order of 10pm) with modest intrachip drive 
capabilities that provide a more area-efficient way to in- 
terconnect modules. 

[0026] In another embodiment, a standard set of ret- 
icles with bondpad/drive transistor frames, or blind-se- 

35 lectable, stackable horizontal/vertical "sticks" of pads 
and grid features may be used with a conventional high 
speed changer in the lithographic equipment 430 to form 
a custom IC 440 in "real time." 
[0027] Since the interconnections between the stand- 

40 ard functional modules are preferably performed as a 
back end process, fewer new reticles (essentially the in- 
terconnection reticles) would be required. Furthermore, 
with new reticles required only for the back end process- 
ing, front end processing, i.e., forming electrically active 

45 device layers, may be initiated immediately and 
processing continued to the back end without waiting for 
the specialized glass needed for the reticles. This allows 
decisions regarding the final design to be delayed until 
the interconnection stages, permitting design changes 

50 with minimal attendant costs. 

[0028] Using standard functional modules avoids the 
design rules for the interconnect levels of a new circuit 
module with its associated manufacturing difficulties 
and costs, especially those associated with "stitching" 

55 and waferscale integration. Also, the often expensive 
and demanding design rule for the reticles of the func- 
tional modules is already known and resident in a library, 
with known histories and yields. What remains are a few, 
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relatively "coarse" address structure interconnect levels 
that have lower production and inspection costs and 
lower defect rates. 

[0029] Reticle primitives corresponding to new circuit 
modules can be added to the functional module library 
over time without changing the entire reticle library. This 
provides added flexibility, faster development cycles 
and lower risks in terms of design and production. A cir- 
cuit designer is able to "fine-tune" or change design or 
functional capabilities of his circuit without incurring the 
costs of an entire new reticle set or waiting for the cycle, 
e.g., prototype design/pattern-layout/lC -production, to 
complete. The standard modules or the interconnects 
could be substituted or changed with minimal costs. 
[0030] Turning now to FIGURES 5 A, 5B, 5C and 5D, 
illustrated are various stages in the construction of an 
exemplary IC using the principles of the present inven- 
tion. Specifically, FIGURE 5A illustrates an embodiment 
of an exemplary section of a semiconductor wafer 510 
with a bond pad frame 515. Within the bond pad frame 
515 is a plurality of bond pads (generally designated 
520). In an advantageous embodiment, the bond pad 
frame 515 also includes drive transistors (not shown). 
In yet another advantageous embodiment, the bond pad 
frame 515 includes blind-selectable, stackable horizon- 
tal/vertical sticks of pads and grid features. 
[0031] Turning now to FIGURE 5B, illustrated is the 
semiconductor wafer 510 with a first circuit module 525. 
In the illustrated embodiment, the wafer 510 includes 
the first circuit module 525 with a plurality of via pads 
(generally designated 530) that is enclosed within the 
bond pad frame 515. The via pads 530 provide for elec- 
trical connections to other circuit modules within an IC 
(not shown) or to the bond pads 520 that provide for 
electrical connections from other electrical devices, 
such as a power supply, to the IC. 
[0032] Turning now to FIGURE 5C, illustrated is the 
semiconductor wafer 510 with first and second circuit 
modules 525, 535. The wafer 510 includes the first and 
second circuit modules 525, 535, each with a plurality 
of via pads 530, 540, respectively. It should be noted 
that the first and second circuit modules 525, 535 may 
be fabricated with different "processes." For example, 
the first circuit module 525 may be a charge-coupled de- 
vice (CCD) and the second circuit module 535 a flash 
erasable programmable read- only memory (EPROM). 
Those skilled in the art should readily appreciate that 
the present invention is not limited to any particular proc- 
ess technology. 

[0033] Turning now to FIGURE 5D, illustrated is an 
embodiment of an IC constructed using the principles of 
the present invention. The IC includes the first and sec- 
ond circuit modules 525, 535 that are electrically cou- 
pled to each other with a plurality of conductive traces 
(generally designated 550). The conductive traces 550 
are connected between the first and second circuit mod- 
ules' via pads 530, 540. The first and second circuit 
modules' via pads 530, 540 are also shown coupled to 



the bond pads 520 (via conductive traces 550) that pro- 
vide the IC with electrical connection points to other 
electrical devices. 

[0034] FIGURES 5A, 5B, 5C and 5D, illustrating the 
5 construction of an IC using the principles of the present 
invention, may be explained in greater detail in conjunc- 
tion with FIGURE 6. 

[0035] Turning now to FIGURE 6, with continuing ref- 
erence to FIGURES 5A, 5B, 5C and 5D, illustrated is a 
10 flowchart of an embodiment of an IC manufacturing 
process 600 using the principles disclosed by the 
present invention. The IC manufacturing process 600 
begins in step 610. 

[0036] In step 620, a lithograph of the bond pad frame 
15 515 is formed over the semiconductor wafer 51 0 using 
conventional processes. The lithograph of the bond pad 
frame 515 is formed with a reticle that includes patterns 
corresponding to the bond pads 520 and/or drive tran- 
sistors (not shown). In an advantageous embodiment, 
20 the bond pad frame's 515 reticle is a standard, or fixed 
package size, grid array with bond pads and/or drive 
transistors. All the standard circuit modules reticles that 
make up the IC are selected from a library of reticle prim- 
itives. As discussed previously, the reticles that are res- 
25 jdent in the library are reticles of standard circuit mod- 
ules that have well-established and proven manufactur- 
ing and yield histories. 

[0037] Using the selected reticles, lithographs of the 
first and second circuit modules 525, 535 are formed (in 

30 a step 630) on photoresist material (previously deposit- 
ed), using conventional processes, on the semiconduc- 
tor wafer 510 using conventional lithographic equip- 
ment, such as a stepper, one lithograph at a time. In oth- 
er advantageous embodiments, multiple reticles may be 

35 exposed at a time or a reticle may be subjected to mul- 
tiple exposures. The present invention does not limit the 
exposure of a reticle to a particular number or sequence. 
After the first and second circuit modules' 525, 535 cir- 
cuit patterns have been formed on the wafer 510, con- 
ventional etching processes are employed to form the 
first and second circuit modules 525, 535. 
[0038] To further describe this aspect of the present 
invention in greater detail, consider the following exam- 
ple in conjunction with FIGURES 7 A, 7B, 7C and 7D. 

45 FIGURE 7A illustrates a cross-sectional view of an ex- 
emplary isolation layer of a semiconductor wafer 700. 
The semiconductor wafer 700 (analogous to the semi- 
conductor wafer 510) includes a substrate 710 and a 
pad oxide 720, typically composed of silicon dioxide 

50 (Si0 2 ) that has been thermally grown on the substrate 
710. A nitride layer 730 of silicon nitride is deposited 
over the pad oxide 720 using conventional processes, 
such as chemical vapor deposition (CVD), to provide an 
oxidation mask. Active regions on the substrate 710 are 

55 then defined with a photolithographic process. The ni- 
tride layer 730 and the pad oxide 720 are removed again 
using conventional processes, typically dry-etching. 
Following removal of the pad oxide 720 and the nitride 
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layer, an implant of boron (p + ) or arsenic (n + ) is placed 
in the substrate's field regions to create a channel stop 
doping layer under the field oxide regions. The field ox- 
ide is then thermally grown, e.g., by means of wet oxi- 
dation, in the areas where no masking nitride exists. Af- 
ter the formation of the field oxide regions, the masking 
layer (the pad oxide 720 and the nitride layer 730) is 
removed. 

[0039] Turning now to FIGURE 7B, illustrated is a 
cross-sectional view of an exemplary gate layer (not 
separately referenced) of the semiconductor 700. The 
gate layer, also known as the active device layer, in- 
cludes a plurality of field oxide regions (generally des- 
ignated 735) that provide electrical isolation between 
first and second gates 740, 745. In the illustrated em- 
bodiment, the first and second gates 740, 745 corre- 
sponds to gates of different circuit modules, or devices, 
e.g., SRAM and DSP circuit modules, analogous to the 
first and second circuit modules 525, 535. The first and 
second gates 740, 745 are formed using conventional 
processes over first and second gate oxide 750, 755, 
respectively. In patterning the first and second gates 
740, 745, reticles of existing proven designs are em- 
ployed. For instance, the first gate 740 is patterned us- 
ing the gate layer reticle of a SRAM device set whereas 
the second gate 745 is patterned using the gate layer 
reticle of a DSP reticle set. 

[0040] Turning now to FIGURE 7C, illustrated is an 
exemplary cross-sectional view of the semiconductor 
700 with a plurality of contact openings (generally des- 
ignated 755). Following the formation of the gate layer, 
a first dielectric layer 760, which may be a deposited 
oxide, is formed over the gate layer. The contact open- 
ings' 755, or windows, patterns are formed on a pho- 
toresist (not shown), which has been deposited over the 
first dielectric layer 760, using the respective contact 
opening layer reticles of the previously mentioned 
SRAM and DSP reticle set. The photoresist is then de- 
veloped and removed using conventional processes. 
The contact openings 755 are then formed through the 
first dielectric layer 760 in a conventional manner, such 
as by way of reactive ion etching. 
[0041] Turning now to FIGURE 7D, illustrated is an 
exemplary cross-sectional view of the semiconductor 
700 that includes a first interconnect layer 775. Follow- 
ing the formation of the contact openings 755, an inter- 
connect metal 765, such as aluminum, is deposited in 
the contact openings 755 to provide the first and second 
gates 740, 745 electrical connections to other parts of 
semiconductor 700. A second dielectric layer 775 is de- 
posited over the first dielectric layer 760 and contact 
openings 755. In a similar fashion with the contact open- 
ings 755, a plurality of vias (generally designated 770) 
are patterned and formed in the second dielectric layer 
775 using the respective first interconnect layer reticles 
of the SRAM and DSP reticle sets. The process is re- 
peated until all the layers of the SRAM and DSP circuit 
modules have been formed. 



[0042] Referring back to FIGURE 6, it should be noted 
that the present invention is discussed in the context of 
the formation of a few layers of a semiconductor device 
for ease of explanation. Those skilled in the art are 

5 aware that semiconductor devices, such as SRAM, may 
require a device set of, e.g., 20 reticles. It should also 
be noted that the first and second circuit modules 525, 
535 may have different numbers of reticles in their re- 
spective reticle set. Furthermore, at different layers, only 

10 one lithograph of a reticle pattern may be formed, de- 
pending on the fabrication process or device structure 
of the first and second circuit modules 525, 535. For ex- 
ample, the first circuit module 525 may require a set of 
20 reticles, whereas the second circuit module may re- 

1S quire a set of 35 reticles. Steps 620 and 630 are typically 
repeated until all the layers of the circuit are completed. 
Following the formation of the first and second circuit 
modules 525, 535, the process 600 proceeds to step 
640. 

20 [0043] In step 640, a dielectric layer is formed over 
the first and second circuit modules 525, 535 using con- 
ventional processes and materials, such as low pres- 
sure chemical vapor deposition (CVD) of tetraethyl or- 
thosilicate (TEOS). Vias are then formed in the dielectric 
25 layer using conventional patterning and etching proc- 
esses to provide electrical conductive paths to the first 
and second circuit modules' via pads 530, 540, respec- 
tively, and also to the bond pad frame's bond pads 520. 
An interconnect reticle is then exposed on a photoresist 
30 material that has been deposited over the dielectric lay- 
er, again using conventional processes. Following de- 
velopment of the photoresist, the resist material is re- 
moved using conventional etching processes, to form 
the interconnect pattern on the wafer 510. Conductive 
35 material, such as alumimun, may then be deposited on 
the wafer using conventional processes, such as phys- 
ical vapor deposition (PVD), to form the conductive trac- 
es 550. It should be readily apparent to those skilled in 
the art that multiple interconnect levels are usually re- 
40 quired in a semiconductor device and accordingly, step 
640 may be repeated until all the interconnect levels are 
formed. It should also be noted that, in one advanta- 
geous embodiment, the interconnect reticles may not be 
required. The interconnects corresponding to the con- 
45 duct'rve traces 550 may be part of the reticle patterns of 
the first and second circuit modules 525, 535. In another 
embodiment, the lithographic equipment includes a ret- 
icle exchanger that allows the first and second modules' 
525, 535 and the conductive traces' 550 reticles to be 
so sequentially exchanged without manual intervention. 
Following the formation of the conductive traces 550, 
the process 600 ends in step 650. 
[0044] The present invention provides for a signifi- 
cantly faster cycle-time between design and fabrication. 
55 Wafer processing to implement basic desired functional 
capabilities may begin without waiting for the reticle de- 
sign, layout, glass generation and verification. Further- 
more, only a few back end process reticles are required 
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to be generated for most new designs, as opposed to a 
full reticle set, e.g., 17-29 reticles. The complex, expen- 
sive and most vulnerable (from a design standpoint) 
functional circuit modules may already be proven, qual- 
ified and in production. A few reticles may need to be s 
generated for functional verification, and full sets of cus- 
tom reticles (if desired) may be generated later when 
performance is verified. Additionally, design changes in 
prototypes could be accomplished after evaluation with- 
out incurring the cost of an entire new reticle set; only 10 
interconnect reticles need be revised. A library of char- 
acterized, qualified and standard functions in proven de- 
signs would also be available to circuit designers. 
[0045] From the above, it should be apparent that the 
present invention provides a system for, and method of, '5 
manufacturing an IC and an IC manufactured by the 
method. The system includes: (1) a library of reticle 
primitives, at least two of the reticle primitives containing 
patterns corresponding to circuit modules to be con- 
tained in the IC, (2) an interconnect reticle containing 20 
patterns corresponding to interconnecting conductors 
for electrically coupling the circuit modules and (3) lith- 
ographic equipment that employs the at least two of the 
reticle primitives and the interconnect reticle to create a 
lithograph of the circuit modules and the interconnecting 2s 
conductors. 

[0046] Although the present invention has been de- 
scribed in detail, those skilled in the art should under- 
stand that they can make various changes, substitutions 
and alterations herein without departing from the scope 30 
of the invention in its broadest form. 



Claims 

35 

1. A system for manufacturing an integrated circuit 
(IC), comprising 

a library of reticle primitives, at least two of said 
reticle primitives containing patterns corre- 40 
sponding to circuit modules to be contained in 
said IC; 

an interconnect reticle containing patterns cor- 
responding to interconnecting conductors for 
electrically coupling said circuit modules; and 45 
lithographic equipment that employs said at 
least two of said recticle primitives and said in- 
terconnect reticle to create a lithograph of said 
circuit modules and said interconnecting con- 
ductors, so 

2. The system as recited in Claim 1 further comprising 
at least one reticle containing patterns correspond- 
ing to a bond pad frame. 

55 

3. The system as recited in claim 1 or claim 2 wherein 
said at least two of said reticle primitives are free of 
patterns corresponding to bond pads for said circuit 



modules. 

4. The system as recited in any of the preceding 
claims wherein said at least two of said reticle prim- 
itives are free of patterns corresponding to protect- 
ed drive transistors for said circuit modules. 

5. The system as recited in any of the preceding 
claims wherein said circuit modules are selected 
from the group consisting of: 

static random access memory (SRAM) mod- 
ules, 

electrically eraseable programmable read-only 
memory (EE PROM) modules, 
field-programmable gate array (FPGA) mod- 
ules, 

programmable logic array (PLA) modules, 
digital-to-analog (D/A) converter modules, 
analog-to-digital (A/D) converter modules, 
digital signal processor (DSP) modules, 
microprocessor modules, 
microcontroller modules, 
linear amplifier modules, and 
filter modules. 

6. The system as recited in any of the preceding 
claims wherein said lithographic equipment sub- 
jects each of said at least two of said reticle primi- 
tives to multiple exposures. 

7. The system as recited inany of the preceding claims 
wherein said lithographic equipment first employs 
said at least two of said reticle primitives to create 
a lithograph containing said circuit modules and 
subsequently employs said interconnect reticle to 
add said interconnecting conductors to said litho- 
graph. 

8. The system as recited in any of the preceding 
claims wherein said lithographic equipment com- 
prises a reticle exchanger that allows said at least 
two of reticle primitives and said interconnect reticle 
to be sequentially exchanged. 

9. A method of manufacturing an integrated circuit 
(IC), comprising the steps of: 

selecting at least two of said reticle primitives 
containing patterns corresponding to circuit 
modules to be contained in said IC from a li- 
brary of reticle primitives; 
employing said at least two of said reticle prim- 
itives at a first time to create a lithograph of said 
circuit modules; and 

employing an interconnect reticle containing 
patterns corresponding to interconnecting con- 
ductors for electrically coupling said circuit 
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modules at a second time to create a lithograph 
of said interconnecting conductors to allow said 
circuit modules to cooperate to form said IC. 

10. The method as recited in claim 9 further comprising s 
the step of employing at least one reticle containing 
patterns corresponding to a bond pad frame. 

1 1 . The method as recited in claim 9 or claim 1 0 where- 
in said at least two of said reticle primitives are free io 
of patterns corresponding to bond pads for said cir- 
cuit modules. 

12. The method as recited in any of claims 9 to 11 
wherein said at least two of said reticle primitivies *5 
are free of patterns corresponding to protected 
drive transistors for said circuit modules. 

13. The method as recited in any of claims 9 to 12 
wherein said circuit modules are selected from the 20 
group consisting of: 

static random access memory (SRAM) mod- 
ules, 

electrically eraseable programmable read-only 25 
memory (EEPROM) modules, 
field-programmable gate array (FPGA) mod- 
ules, 

programmable logic array (PLA) modules, 
digital-to-analog (D/A) converter modules, so 
analog-to-digital (A/D) converter modules, 
digital signal processor (DSP) modules, 
microprocessor modules, 
microcontroller modules, 

linear amplifier modules, and 35 
filter modules. 

14. The method as recited in any of claims 9 to 13 fur- 
ther comprising the step of repeating said steps of 
employing to create multiple of said ICs on a given 40 
wafer, 

15. The method as recited in any of claims 9 to 14 
wherein said step of employing said first reticle is 
carried out before said step of employing said sec- 45 
ond reticle. 

16. The method as recited in any of claims 9 to 15 
wherein said lithographic equipment comprises a 
reticle exchanger, said method further comprising 50 
the step of automatically exchanging said first and 
second reticles. 

17. An integrated circuit manufactured by a process as 
claimed in any of claims 9 to 1 6. 55 
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FIG. 6 
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FIG. 7D 
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